Introduction {#sec1-1}
============

Liver cirrhosis and hepatocellular carcinoma (HCC) constitute major causes of morbidity and mortality worldwide \[[@ref1]-[@ref3]\]. Cirrhosis is the end result of virtually all chronic liver diseases. An asymptomatic phase, referred to as compensated cirrhosis, is followed by the development of complications of portal hypertension, namely ascites, variceal bleeding and hepatic encephalopathy, collectively termed decompensated cirrhosis. The transition occurs at a rate of 5-7% per year \[[@ref4]\]. Liver cancer is the sixth most common malignancy, the third cause of cancer-related death, and accounts for 7% of all cancers. HCC represents the majority of primary liver cancers and has a high mortality rate \[[@ref1],[@ref2]\]. Many causes have been identified for the development of cirrhosis and HCC. Chronic hepatitis B, hepatitis C infection and high alcohol consumption remain the most frequent causes \[[@ref5]\]. Over the last years, non-alcoholic fatty liver disease (NAFLD) has emerged as a major etiological factor for the development of cirrhosis and HCC worldwide \[[@ref5]-[@ref7]\].

Only a limited number of studies have reported changes in the etiology of HCC; until now, there have been no sequential long-term data regarding the changes in the etiology of cirrhosis and HCC in Greece. The aim of this study was to evaluate the etiological evolution of cirrhosis and HCC over a period of 25 years in the genetically homogeneous population of the island of Crete, which has 623,065 inhabitants (2011 census) and low immigration rates. To determine whether a change in HCV-associated cirrhosis was accompanied by changes in HCV genotypes, we also examined genotypes in two different time periods.

Patients and methods {#sec1-2}
====================

The study conformed to the principles of the Declaration of Helsinki and was approved by the Ethics Committee of the University Hospital of Heraklion. The study was performed in a tertiary university hospital, which is the reference center for liver disease on the island of Crete, in southern Greece. Patients included in the study were either diagnosed with cirrhosis/HCC on the basis of their symptoms, or referred to our unit because of laboratory findings related to significant liver disease (significantly elevated liver function tests, diagnosis of hepatitis B \[HBV\] or hepatitis C \[HCV\] seropositivity, etc.). The population of 623,065 inhabitants shares a relatively homogenous background and there is still a low migration rate. Recorded data included age, sex, date of diagnosis of HCC, date of diagnosis of cirrhosis, etiology of HCC, etiology of cirrhosis, presenting symptoms and histological pattern at diagnosis. All patients were recorded only once at the time of their initial diagnosis.

Diagnosis was confirmed by liver biopsy in 57% of cirrhotic patients (mostly compensated cirrhosis), while clinical evidence of decompensation (present in 62% of cases when entered into the database), combined with endoscopic and radiological findings, was used for diagnosis in the remaining cases. Diagnosis of NAFLD-associated cirrhosis was based on the absence of alcohol consumption or viral markers and the presence of either overt diabetes or the presence of features of the metabolic syndrome. In 73% of NAFLD cases, liver biopsy was performed to verify the diagnosis.

The diagnosis of HCC was established by liver biopsy with a histological pattern of HCC (62% of patients), or by 2 dynamic radiological methods (computed tomography, magnetic resonance imaging, SonoVue-enhanced ultrasound). All cases were then classified into five-year periods according to etiology (HBV, HCV, alcohol-related, alcohol plus viral infection, and NAFLD). Most of the HCC patients were derived from our cirrhotic cohort. Patients with a first diagnosis of cirrhosis and HCC at their initial visit were included in both lists. Thirty patients did not have evidence of cirrhosis based on liver biopsy, radiological and clinical data. Therefore, the total number of patients was 842: 812 cirrhotics (291 of them diagnosed at some point with HCC); and 30 patients with HCC but no evidence of cirrhosis.

No etiology could be identified in 66 cases of cirrhosis (cryptogenic), which comprised 8% of all cirrhosis cases in the 25 years of the study. Patients with primary biliary cirrhosis and autoimmune hepatitis were excluded from this study, as they have a discrete clinical course and in the case of primary biliary cirrhosis our experience has been reported elsewhere \[[@ref8]\]. Therefore, the final analysis included 321 HCC patients (291 of whom with cirrhosis) and 746 patients with cirrhosis without HCC.

HCV genotypes were assessed in 302 anti-HCV positive, HCV RNA positive patients with histological confirmation of chronic hepatitis, tested between 2005 and 2009, and were compared with data from a group of 102 patients from the time period 1995-99. Genotyping was performed using the Abbott Real-Time HCV Genotyping kit (Abbott Hellas, Athens, Greece).

All comparisons were performed using the chi-square test. Incidence was expressed as number of new cases per five years per 100,000 population. Population data over the past 25 years were collected from the Greek Statistical Authority.

Results {#sec1-3}
=======

A total of 812 cases of cirrhosis (561 male, representing 69.1% of the study population, median age 69 years, range 33-86) and 321 cases of HCC (234 male, representing 73.0% of the study population, median age 70 years, range 46-89) were recorded. Two hundred ninety-one HCC patients also had cirrhosis, while 30 HCC patients were diagnosed with HCC without evidence of cirrhosis (291+30=321 patients with HCC in total). Therefore, these 291 HCC cases are also present in the cirrhosis patient list, even if HCC and cirrhosis were diagnosed at the initial visit. Among the 812 cirrhotic patients, there were 66 in whom a diagnosis could not be achieved due to several reasons (e.g. lost to follow up, death, non-diagnostic results, etc.) and these were not included in further analysis. Demographic and other patient characteristics are presented in [Table 1](#T1){ref-type="table"}. Data were classified into 5-year periods according to etiology. There were 746 cases of cirrhosis related to HBV, HCV, alcohol, alcohol plus viral infection and NAFLD, while the remaining cases had insufficient data to reach a diagnosis and could not be used for further analysis.

###### 

Patients' characteristics. Values are expressed as mean±standard deviation, unless otherwise stated
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In patients with cirrhosis, there was a relative uniformity in the incidence over the years with a peak during 1995-99 due to increased detection of cases related to viral cirrhosis ([Table 2](#T2){ref-type="table"} and [Fig. 1A](#F1){ref-type="fig"}). The incidence of HBV-related cirrhosis remained relatively constant, apart from the period 1995-99 ([Fig. 1B](#F1){ref-type="fig"}, [2A](#F2){ref-type="fig"}). There was a significant decrease in the incidence of HCV-related cirrhosis, which was four times lower in the last five years of the study compared with the initial period. The incidence of alcoholic cirrhosis and NAFLD-related cirrhosis increased during our study, with the incidence of NAFLD-associated cirrhosis in the last period of the study being six times greater than the initial value ([Table 2](#T2){ref-type="table"}, [Fig. 1B](#F1){ref-type="fig"}). When etiology was assessed as a percentage of total cases, significant changes were observed over the 25-year period ([Table 2](#T2){ref-type="table"}, [Fig. 2B](#F2){ref-type="fig"}). HBV-related cases were relatively constant (1990-1994: 8.3%, 1995-1999: 20.4%, 2000-2004: 13.9%, 2005-2009: 12.1%, 2010-2014: 7.3%), while HCV-related cirrhosis decreased from 44.4% in 1990-1994 to 13.0% in 2010-2014 (P\<0.001, 95%CI 8-22%). On the other hand alcohol-related cirrhosis increased over the years (1990-1994: 36.1%, 2010-2014: 52.3% P\<0.001, 95%CI 11-35%) with a concomitant increase in cases of NAFLD-related cirrhosis (1990-1994: 1.4%, 2010-2014: 15.5%; P\<0.001, 95%CI 9-21%).

###### 

Changes in the incidence, the number and the etiological distribution of new cases of cirrhosis between 1990 and 2014
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![(A) Overall incidence of cirrhosis and hepatocellular carcinoma (HCC) over 25 years. (B) Etiology-based comparison of the changes in the incidence of new cases of cirrhosis. (C) Etiology-based comparison of the changes in the incidence of new cases of HCC over the 25 years of the study](AnnGastroenterol-30-357-g003){#F1}

![(A) Stacked bars of the number of new cirrhosis cases over the 25 years of the study according to etiology. (B) Stack bars of etiological representation (% of the total) in cirrhosis. (C) Stacked bars of the number of new hepatocellular carcinoma (HCC) cases over the 25 years of the study according to etiology. (D) Stack bars of etiological representation (% of the total) in HCC\
*ALC, alcohol; ALC+VIR, alcohol and viral hepatitis; HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis*.](AnnGastroenterol-30-357-g004){#F2}

Both the incidence and the etiology of HCC changed over the last 25 years in the island of Crete. Incidence rose from 6.0 new cases per 100,000 of population in the first five-year period to 16.8 in the last five years ([Table 3](#T3){ref-type="table"}, [Fig. 1A](#F1){ref-type="fig"}). The change was mostly attributable to a gradual increase in the incidence of HBV- and alcohol-related cases, especially during the last decade. There was also an impressive increase in the incidence of NAFLD-related cases ([Fig. 2C](#F2){ref-type="fig"}). A non-significant increase in the incidence of HCV-related HCC was also observed ([Table 3](#T3){ref-type="table"}, [Fig. 1C](#F1){ref-type="fig"}).

###### 

Changes in the incidence, the number and the etiological distribution of hepatocellular carcinoma (HCC) between 1990 and 2014
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When etiologies were expressed as percentages of the total number of cases, there was no significant change in the percentages of HBV- and alcohol-related HCC over all five-year periods. Although the absolute number of HCV-related HCC cases remained relatively constant, HCV ranked third as a risk factor in the last study period, behind HBV and alcohol. This was in sharp contrast with the early 1990s, when almost half the HCC cases were HCV-associated ([Table 3](#T3){ref-type="table"}, [Fig. 2D](#F2){ref-type="fig"}). Thus, although in the period 1990-1994 HCV-related HCC represented 50.0% of all cases, in 1995-1999 it was 42.9%, in 2000-2004 it was 24.4% (P\<0.05), in 2005-2009 it was 24.7% (P\<0.001) and in 2010-2014 it was 21.2% (P\<0.001, 95%CI 11-47%). Interestingly, we also identified a change in HCV genotypes between the early years (1994-2000) and the late years (2007-2009) of our study, as presented in [Table 4](#T4){ref-type="table"}. Genotype 1 decreased significantly over the years while genotype 3 increased considerably.

###### 

The shift in hepatitis C virus genotypes over the years
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A very interesting finding of our study was the significant increase in NAFLD-related HCC over the years. From 1990 to 2004 NAFLD-related HCC was almost nonexistent, while in 2005-2010 16.5% of HCC cases were attributed to this disease and during 2010-2014 this reached 23.1% of all cases (95% CI 13-31%, [Table 3](#T3){ref-type="table"}, [Fig. 2D](#F2){ref-type="fig"}). Thus, NAFLD-related HCC displayed the steepest increase of all the diseases studied ([Fig. 1C](#F1){ref-type="fig"}).

Of all HCC cases, 9.3% had no cirrhotic histology. In these cases histology showed that, in addition to the malignant tissue, there was a non-malignant part without evidence of cirrhosis, while in patients where the diagnosis was reached through radiology, these patients had no clinical evidence suggestive of cirrhosis or portal hypertension (no varices on endoscopy, no splenomegaly, normal blood counts). Furthermore, 54% of them were NAFLD-associated HCC and the remaining were alcohol-related (34%), or they had known chronic viral hepatitis (12%).

Discussion {#sec1-4}
==========

Liver cirrhosis and HCC are major causes of morbidity and mortality worldwide \[[@ref1]-[@ref3]\] and the risk factors that have been linked to their development have been extensively studied. Cirrhosis has been mainly linked to chronic HBV or HCV infection, and to alcohol consumption \[[@ref9]\], metabolic liver diseases including NAFLD, hereditary hemochromatosis, Wilson's disease, a1-antitrypsin deficiency, primary biliary cirrhosis and primary sclerosing cholangitis \[[@ref10]\]. Major risk factors for the development of HCC include chronic infection with HBV and HCV (80-90% of HCC cases have been reported to be associated with underlying HBV or HCV cirrhosis \[[@ref11],[@ref12]\]), alcoholic liver disease, environmental food contaminants (aflatoxins) and recently NAFLD \[[@ref5],[@ref6]\]. Diabetes, obesity, tobacco, and oral contraceptives have also been considered as risk factors for HCC \[[@ref13]-[@ref16]\]. Our data show that, despite the existence of a relatively large number of HCC cases unrelated to cirrhosis, it is evident that the presence of cirrhosis remains the main risk factor for the development of HCC.

In our study, the overall incidence of cirrhosis has remained relatively constant over the years, but the incidence of HCC has almost tripled over the 25-year period. A recent paper from neighboring Albania reported that the incidence of HCC almost doubled within the last 15 years but, in contrast to our data, almost half of their cases were HBV-related \[[@ref17]\]. It should be noted that 15 years ago, the incidence of HCC was similar in Albania and Crete at approximately 6.5 new cases per 100,000 \[[@ref17]\]. It is unlikely that the difference in HCC incidence is due to better diagnostic tools during the last periods of observation, since most patients with HCC (62%) were diagnosed by liver biopsy at the beginning of the study. Likewise, dynamic radiology was used from the beginning of the study (contrast-enhanced ultrasound was used as early as 1997 by the first radiologist to use the method in Greece).

All patients with HBV-related cirrhosis were treated with oral antiviral therapy at presentation, while no patient with HCV-related cirrhosis was offered antiviral therapy with an interferon-based scheme. Although antiviral therapy may influence the outcome and the complication rate of patients with virus-related chronic liver disease, there seems to be no effect on the increasing incidence of HBV-associated HCC ([Table 2](#T2){ref-type="table"}), while the incidence of HCV-associated cirrhosis remained constant.

Chronic HBV infection is found in 5% of the world's population, while the global prevalence of HCV is 2%, with a large variation in different geographical areas \[[@ref11]\]. In Crete, we have reported HCV infection to be more prevalent than HBV, but while HCV remained relatively constant, HBV prevalence almost tripled in two studies performed in two areas of the island (rural and urban) in two different time periods separated by a 15-year interval \[[@ref18],[@ref19]\]. Despite this increase, according to the data presented here, HBV-related cirrhosis in Crete remained constant over the years, while the incidence of HBV-related HCC increased. This might reflect that current therapies are more effective in controlling the evolution of the disease to cirrhosis and less effective against the direct carcinogenic effects of HBV. Current therapies do not influence the cccDNA pool in the nucleus and have been found to reduce the risk of HCC, mainly in patients with active disease and those with advanced fibrosis or cirrhosis \[[@ref20]\]. More studies are needed in order to clarify whether the risk reduction for HCC in non-cirrhotic, yet treated HBV patients is similar to that of the non-infected population. Furthermore, the role of HBV as a predisposing factor for cirrhosis and HCC will most likely decrease during the coming decades, because of the widespread use of the HBV vaccine in newborns in Greece \[[@ref12]\].

We also report here that HCV-related cirrhosis has decreased over the 25-year period of our study and HCV-related HCC has decreased as a percentage of the overall HCC burden over the same period, although the total cases increased slightly, but not significantly. One explanation for this would be that the reduction in HCC incidence coincides with the reduction in HCV-related cirrhosis. However, this was not the case in a study from Italy, where from 1987 to 2008 there was no major change in the incidence of HBV-related HCC but there was an increase in HCV- and alcohol-related HCC \[[@ref21]\]. A study of the population of Athens reported similar findings, with a more than twofold increase in HCV-related HCC \[[@ref22]\]. On the other hand, the total burden of HCV infection seems to be decreasing in the United States, since the number of cases of chronic HCV infections decreased from 3.2 million in 2001 to 2.3 million in 2013 \[[@ref23]\]. This was attributed to the widespread implementation of screening and treatment. Increased access to proper diagnostic modalities for HBV and HCV has shown that the epidemiology of viral hepatitis is continuously changing.

Another possible explanation for the decreasing incidence of HCV-related HCC could be the shift in HCV genotypes from genotype 1 towards genotype 3 over the years. This is usually associated with a younger age and intravenous drug use. Although reports associating HCV genotype and HCC risk are inconsistent, some of them and a meta-analysis reported that patients infected with HCV genotype 1b had an almost 2-fold greater risk of developing HCC than patients with other HCV genotypes \[[@ref24],[@ref25]\]. Contrariwise, genotype 3 has recently also been recognized as a risk factor for HCC \[[@ref26]\]. One additional explanation is that the genotype 3-associated HCC mostly appears in younger patients, usually intravenous drug users, and therefore the time elapsed was not long enough for the HCC to become apparent. More epidemiological data from large cohorts, extended over a more protracted time, are needed in order to identify the relationship between the changing incidence of HCV genotypes and HCC risk.

Alcohol consumption is a predominant etiological factor in the pathogenesis of chronic liver diseases worldwide \[[@ref27]\]. According to the findings of the present study this was not the case in Crete in the early nineties, but within the study period the incidence of alcohol-related cirrhosis has increased significantly and alcohol is now the main etiology for cirrhosis development. This could reflect the increasing role of alcohol consumption as an etiology for liver diseases reported in other parts of the world \[[@ref21]\]. Although no systematic data concerning alcohol consumption exist in Crete, it is our clinical impression that an increase in absolute ethanol consumption is only one of the reasons for this change. Another reason could be that, during the last twenty years, there has been a change in drinking habits: although older generations consumed alcohol only with food, in recent years alcohol is increasingly consumed without food.

NAFLD has emerged as a major etiological factor for the development of cirrhosis and HCC in many parts of the world. It is a heterogeneous disease which consists of a wide spectrum of different histologic patterns characterized by micro- or macrovesicular hepatic steatosis and ballooning of hepatocytes. NAFLD is now recognized as the liver manifestation of the metabolic syndrome and is a major cause of liver-related morbidity and mortality \[[@ref28]\]. NAFLD and non-alcoholic steatohepatitis (NASH) were under-recognized during the early 90s, and this is probably reflected to some extent in our data and in the data from studies before the wide recognition of NAFLD/NASH as a major predisposing factor for cirrhosis and HCC. Today, NASH is believed to account for the majority of cirrhosis cases, previously considered cryptogenic, and it is accepted that HCC can complicate NASH even if there is no cirrhosis \[[@ref29]-[@ref31]\]. Although efforts to screen for NAFLD/NASH in the general population are limited by the inaccuracy of existing noninvasive tools and the limitations of self-reported ethanol consumption history \[[@ref32]\], a recent cohort study in United States revealed a stable incidence rate of NAFLD (2.2-3.2%) whereas the prevalence increased from 6.3% in 2003 to 17.6% in 2011. Both incidence and prevalence are increasing in patients younger than 45 years old in comparison with older patients \[[@ref33]\]. Despite all the limitations, some studies suggest that 20-30% of individuals in Western countries have NAFLD \[[@ref34]\]. Our findings show a disturbing increase in NAFLD-related cirrhosis and HCC in the population of Crete within the last 25 years, which is in concordance with the reported data. Given the increasing prevalence of NAFLD in western societies, NAFLD may become the major cause of cirrhosis and HCC in our study population in the next few years. The extremely large increase in NAFLD-associated HCC during the last 10 years of the study is difficult to explain. Although some selection bias cannot be excluded, we believe that this is a real phenomenon, since it parallels a large increase in outpatient visits due to non-cirrhotic NAFLD. It should be noted that 62% of liver biopsies of NAFLD patients had histological signs of NASH. Moreover, it seems that obesity has increased in the Cretan population, although data extended over time do not exist. This obviously requires further studies.

A limitation of our study is that it was a single-center study, whereas a number of cirrhotic and HCC patients on the island of Crete have been diagnosed and followed in other hospitals on the island. Therefore, although our data demonstrate a clear epidemiological trend, they cannot be considered representative of the entire Cretan population. However, since our center is the only reference center on the island, it is likely that most cirrhotic patients on the island were referred to our outpatient department at some point in time.

In conclusion, our study revealed that the risk factors for cirrhosis and HCC have changed considerably over the last 25 years in Crete. The initial high association of HCV with cirrhosis has decreased significantly, whereas alcohol is now the main risk factor for cirrhosis, while NAFLD has emerged as a continually increasing disorder associated with both cirrhosis and HCC. In the coming years, the epidemiology of HCC is expected to continue its transformation and metabolic risk factors could grow to be the dominant risk factor for cirrhosis and HCC. Healthcare and prevention programs for cirrhosis and HCC should take these future trends into account.

###### Summary Box

**What is already known:**

Liver cirrhosis and hepatocellular carcinoma (HCC) constitute major causes of morbidity and mortality worldwideThe commonest causes of cirrhosis and HCC are hepatitis B and hepatitis C infections and high alcohol consumptionOver the last years, non-alcoholic fatty liver disease (NAFLD) has emerged as a major etiological factor for the development of cirrhosis and HCC worldwide

**What the new findings are:**

Although the incidence of cirrhosis has been constant over the years, the incidence of HCC has increased during the last decadeThe risk factors for cirrhosis and HCC have changed over the past 25 years in CreteThe initial high hepatitis C virus association has decreased significantly, with alcohol now ranking first among the risk factorsNAFLD is continually increasing in incidence and is a prominent risk factor for cirrhosis and HCC
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